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Device for introducing gas into a fluidised bed, and a process 

therefor 



The invention relates to a device for introducing gas into a 
fluidised bed, and to a fluidised bed reactor comprising such a 
gas introduction device. The invention relates also to a process 
for the oxychlorination of ethylene to form 1 , 2-dichloroethane 
using a fluidised bed reactor according to the invention. 

Fluidised bed reactors usually comprise a bed of a fine-grained 
solid which usually acts as catalyst for the reaction being 
carried out. The substances that are reacted in the reactor are 
most frequently gases, as are the reaction products leaving the 
reactor at its head. The introduction and mixing of the 
reactants takes place" in— the lower portion of the" reactor, " " 
especially above and/or below the fluidised bed. An important 
role in the optimisation of the reaction is played by the gas 
inlet and distribution systems with which the reactants are 
mixed and brought into contact with the catalyst. The fluidised 
bed is maintained in a suspended state by the gases introduced 
or by inert gases and thus has a fluid-like character. In the 
case of exothermic reactions this facilitates the transfer of 
the heat of reaction to coolants which circulate, for example, 
in internal components especially suited to that purpose, such 
as pipes, in the reactor. On the other hand, endothermic 
reactions can be assisted by special heating devices, for which 
purpose heating panels, for example, are used. 

After the gaseous reactants have been passed through the 
fluidised bed, the gas current leaving the fluidised bed 
entrains fluidised bed particles which, on economic and 
ecological grounds, have to be separated out and returned to the 
fluidised bed. Suitable devices for retaining the fluidised bed 
particles are, for example, centrifugal separators and filters. 
In most cases, however, it is not possible for all the fluidised 
bed particles to be separated, fine-grained particles (for 
example catalyst dust), especially, being lost. The loss of 
catalyst associated with the loss of fluidised bed particles 
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therefore represents a considerable economic limitation. 
Furthermore, catalysts often have toxic properties or are 
harmful to the environment, so that their separation and 
isolation from the reaction products can give rise to 
considerable expense. 

It follows from the reasons given above that it is advantageous 
to suppress the formation of fine-grained particles as 
comprehensively as possible. 

It is known that the formation of fine-grained particles is 
chiefly a result of grinding and abrading processes within the 
fluidised bed against the cooling pipes and the reactor wall, or 
is caused by the introduction of the gas. An increase in the 
formation of fine-grained particles can be counteracted," - for 
example, by fluidised bed particles having a certain degree of 
resistance to abrasion. In the case of a catalyst applied to a 
carrier material, the resistance to abrasion is essentially 
determined by the carrier material. On the other hand, however, 
the use of abrasion-resistant (hard) fluidised bed particles 
also leads to increased wear on cooling pipes and the gas inlet 
pipes for introducing gas into the reactor. As a result, high 
repair costs and repair-related losses of production are likely. 

The aim of the present invention is therefore to provide a 
device for the improved introduction of gas into fluidised bed 
reactors in which the losses of catalyst caused by pulverisation 
of the catalyst and discharge thereof with the gas currents can 
be reduced at the least possible expense. 

That aim is achieved by a device for introducing gas into a 
fluidised bed having at least one gas inlet pipe (2, 3) located 
underneath and/or above the fluidised bed, which device is 
characterised in that the gas inlet pipe (2, 3) has gas-swirling 
means upstream of and/or at its mouth. 

Advantageous configurations of the invention are given in the 
subsidiary claims. The fluidised bed may be present especially 
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in a fluidised bed reactor, preferably in a vertical fluidised 
bed reactor. The jacket of the reactor can be in the form of a 
pressure-bearing jacket for receiving the gas or the gases and 
at least one fluidised bed of particulate solids located 
therein. 

The gas introduction device according to the invention is 
characterised in that the gas inlet pipe(s) effect (s) swirling 
of the transported gas current . 

Surprisingly, it has been found that pulverisation of the 
catalyst can be drastically reduced by a simple modification of 
~ehe~gas inlet pipes conventionally used, by means of which the 
gas current transported in the gas inlet pipes is . swirled. Such 
swirling of the gas current presumably has the result that the - 
velocity profile of the gas current being discharged from the 
gas inlet pipe changes in favour of a rise in the volumetric 
flow in the vicinity of the pipe wall. For example, the swirled 
gas currents emerge from the gas inlet pipes with a velocity 
profile that is approximately constant over the cross-section of 
the gas inlet pipe. 

When the gas inlet pipes are arranged underneath the fluidised 
bed,, the swirling of the gas current and the resulting, 
modification of the velocity profile of the volumetric flow 
largely or completely prevents fluidised bed particles at the 
margins of the gas inlet pipe(s) from falling into the pipe(s) 
and being pulverised therein to form fine-grained particles 
capable of. being discharged from the reactor. Advantageously, 
therefore, a reduction in the dust discharge is achieved. 

When the gas inlet pipes are arranged above the fluidised bed, 
it has been found that in this case too the formation of dust 
and dust discharge are reduced. In particular, a reduction in 
the wear on gas pipes and cooling pipes can also be achieved as 
a result. The reason for this is presumably that during 
discharge of the gas current the gas bubbles are not immediately 
directed upwards. 
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^ In an advantageous embodiment of the invention, swirling of the 
gas current transported in the gas inlet pipes is effected by 
the gas-swirling means - especially at their outlet-side end - 
forming a narrowing or widening of the pipe lumen. Such a 
narrowing can take the form, for example, of a bead, for example 
an annular bead, arranged around at least part of the inner 
circumf erence of the gas inlet pipe. The narrowing or widening 
of the pipe lumen can take the form of a thread arranged on the 
inner circumference. It has proved especially advantageous for 
the narrowing to be provided with at least one edge, especially 
a sharp edge, because this favours swirling of the gas current. 
Furthermore or in addition the gas-swirling means can have at 
least one screen and/or at least one turbulence grid and/or at 
least one perforated diaphragm. The gas-swirling means can be 
- arranged at -the -mouth of the gas inlet pipe(s) and/or upstream 
of the mouth of the gas inlet pipe(s) in the direction of flow. 

The invention will be described in greater detail below by 
reference to the description of an embodiment, reference being 
made to the accompanying drawings. 

Fig. 1 shows a diagrammatic view of a fluidised bed reactor 

having conventional gas inlet pipes for introducing gas 
currents into the fluidised bed; 

Fig. 2 shows a diagrammatic view of a fluidised bed reactor 

having gas inlet pipes for introducing gas currents into 
the fluidised bed in accordance with the present 
invention. 

Referring firstly to Fig. 1, Fig. 1 shows a fluidised bed 
reactor having a pressure-resistant casing 1, a fluidised bed 4 
and, located therein, a device for introducing gas into the 
reactor. The gas introduction device comprises a plurality of 
gas inlet pipes 3, which are arranged above the fluidised bed 4, 
for introducing gas currents into the fluidised bed 4 from above 
and a plurality of gas inlet pipes 2, which are arranged 
underneath the fluidised bed 4, for introducing gas currents 
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into the fluidised bed 4 from below. As shown in diagrammatic 
form in the two enlarged views of the gas inlet pipes arranged* 
above and underneath the fluidised bed 4, in the case of the gas 
inlet pipes customary in the prior art a substantially parabolic 
velocity profile of the gas current becomes established over the 
cross-sectional area of the pipe. The reactor shown in Fig. 1 
has a diameter of 28 cm and a height of 2.3 m. 

Referring now to Fig. 2, Fig. 2 shows a fluidised bed reactor 
having gas inlet pipes for introducing gas currents in 
accordance with the present invention, which differs from the 
reactor shown in Fig. 1 in that the gas inlet pipes of the 
device for introducing gas currents of Fig. 2 are provided, in 
accordance with the invention, with a narrowing of the pipe 
lumen for swirling the gas current . The gas inlet pipes 2, 3 - 
have for that purpose an annular bead 6 which is arranged around 
the internal circumference at their outlet-side end. As shown in 
diagrammatic form in the two enlarged views of the gas inlet 
pipes arranged above and underneath the fluidised bed 4, as a 
result of the annular bead 6 the parabolic velocity profile 
known for the pipes in the prior art is flattened off in favour 
of an increase in the gas current velocity in the vicinity of 
the margin of the pipe. In particular, the velocity profile of 
the gas current emerging from a gas inlet pipe is substantially 
constant over the cross-section of the gas inlet pipe. 

The fluidised bed reactor of Fig. 2 is especially suitable for 
the oxychlorination of ethene, which will now be described by 
way of example. 

Oxychlorination is understood generally as meaning the reaction 
of an alkene - in this case ethene - with hydrogen chloride and 
oxygen or an oxygen-containing gas, such as air, to form a 
saturated chlorinated alkane - in this case 1 , 2-dichloroethane, 
referred to as " EDC" below - in accordance with the equation: 



C 2 H 4 + 2 HC1 +1/2 0 2 -» CI - CH 2 - CH 2 - CI + H 2 0 
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For this reaction there is used, for example, a catalyst in the 
form of copper (II) chloride applied to aluminium oxide 
particles. The catalyst particles have, for example, an average 
particle diameter of about 50 |im, with a particle range of from 
20 to 120 |im. The particle density is approximately 1600 kg/m 3 . 
The inflow of circulating gas and reaction gas cause the 
catalyst particles to form a fluidised bed. 

In the fluidised bed reactor according to the invention of Fig. 
2, the reactants, which are heated to 150°C, are introduced in 
gaseous form, a mixture of 63 Nm 3 /h of hydrogen chloride and 
17 Nm 3 /h of oxygen flowing into the catalyst fluidised bed 4 
through the gas inlet pipes 3 arranged above the fluidised bed 
4. A mixture of 32 Nm 3 /h of ethene and 60 Nm 3 /h of circulating 
gas flows into the catalyst fluidised bed 4 from below through 
the gas inlet pipes 2 at a temperature of 150°C and a pressure 
of 4.7 bar. The average flow velocity is 1.3 m/s in the gas 
inlet pipes 2 and 1.0 m/s in the gas inlet pipes 3. 

In the lower portion of the fluidised bed 4, the reactants, 
which are distributed over the reactor cross-section, are mixed 
in the so-called mixing zone and react exothermically on the 
catalyst. The heat of reaction of 23 8.5 KJ/mol thereby produced 
is conveyed by way of cooling pipes (not shown) to a heat 
transfer medium. The reaction temperature is 232°C, at a 
reaction pressure 4.2 bar. 

Measurements of the amount of fluidised bed particles before and 
after the reaction have shown that the loss of catalyst caused 
by pulverisation and by discharge of catalyst particles by way 
of the outflowing gas is approximately 7.6 g per t of EDC . 

Comparison Example 

For comparison, the oxychlorination of ethene to EDC is carried 
out in the conventional fluidised bed reactor of Fig. 1, the 
conditions otherwise being the same. Measurements of the amount 
of fluidised bed particles have shown that the loss of catalyst 
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per t of EDC is approximately 48 g, that is to say about 7 times 
the amount of the loss in the case of a fluidised bed reactor 
according to the present invention. 



